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1, PURPOSE

The purpose of this research and development contract is to:
1. Establish the role of carbon black in the nitro-organic-carbon cathode,
2., Determine the mechanism of the nitro reduction reaction,

3. Extend the development of the magnesium-m-dinitrobenzene cell to
establish properties and reliability on shelf.
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2. ABSTRACTL

A method is presented for testing various carbom blacks used with organic nitro-
cathode materials based on the ability of the carbon black to adsordb m-dinitro-
benzene from 2N magnesium perchlorate saturated with m-dinitrobenzene. The data

obtained from adsorption tests and capacity tests for adsorbed m-dinitrobenzene

on Columbian carbon blacks and commercial carbon blacks of other manufacturers
are summarizzd,

Effects of reaction products are discussed, and adsorption-capacity tests are
summarized for two Columbian carbon blacks selected as superior to others tested.

A-cell-capacity test data are given.

Eighteen-month storage-test results are given for AZ-10 magnesium A-cells made
with Columbian 1100-CL 20212 carbon black, Three-month storage-test data are
presented for AZ-2l megnesium A~-cells made with Columbian 1100-P2142 HT 3232 and
HR 1670-P3386 carbon blacks,
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3. CONFERFNCES

On September 26, 1961, Messrs. S, Bartosh and J, Pawlak of the U, S, Army Signal
Research and Development Laboratories visited RCA in Somerville » New Jersey, to
discuss progress under the contract. Present at the meeting were Dr, G, S. Lozier
and Messrs, J. B, Eisen and R, J. Ryan of RCA,

On December 5, 1961, Messrs, J, B, Eisen, J, J. Meehan, and R, J, Ryan visited
the U, S. Army Signal Research and Development Laboratories at Fort Monmouth,
New Jersey, to discuss progress under the contract, Present at the meeting were
Messrs, S, Bartosh, J, Hovendon, and J, Pawlak of the U, S, Army Signal Research
and Development Laboratories.
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4,1 RESEARCH STUDIES

A generalized five-step reaction mechanism for the m-dinitrobenzene (m-DNB)
cathode was presented in the First Quarterly Report, The steps are:

Step 1: Crystalline R-NO; is mechanically dispersed, but only partially
in contact with carbon black,

Step 2: R-NO, dissolves in electrolyte, and diffuses to carbon electrode,

Step 3: R-NOp is in electrical contact with electrode; Hy0 diffuses to
reaction site,

Step 4: R-NO, is reduced to R-NH, on the electrode surface.

Step 5: R-NHp diffuses away to make room for another R-NO; molecule,

The above steps may be analyzed by the following quantitative measurements:

(a) The ability of carbom black to adsorb m=DNB from an electrolyte
saturated with the depolarizer. |

(b) The coulombic efficiency obtained upon discharge of the adsorbed m-DNB.

(¢) The effect of reaction products, as well as other cell mix coamponents,
upan the reduction of m-DNB,

(d) The durability of a given carbon black in practical cell formulatioms.

A summary of studies based an the above factors is given in the following sections.
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Adsorption studies were conducted with various Columbian and commercially
availeble carbon blacks in a 2N Mg(C10,), electrolyte saturated with m-DNB.
The indtiel investigations evaluated the ability of various carbon blasks to

adsorb m-DiB,
4el,1,1 Adsorption Test
The choice of a test method was guided by

(a) the low solubility of m~DNB in the 2N Mg(C].O,')z electrolyte
(1,0 gram per liter),

(b) +the time required to reach equilibrium following the
introduction of the carbon-black sample into the solution,
and

(c) the ease of quantitative transfer of the carbon-black
sample into the wet«test cell, |

The apparatus is shown in Figure 4-1,

The carbon blacks tested showed wide variations in dry and wet bulk,
end in wettability., For this reason, prolonged dispersion of ths
carbon black in the electrolyte was necessary, Various ratios of
carbon/m-DNB were used during initial testing, It was determined

that the optimum carbon black-electrolyte mixture consisted of 0.5
gram of carbon black dispersed in 250 ml of 2N ng(cm4)2 saturated
vith m~DNB, This ratio adequately meets the requirements for the
m=-DNB adsorption range, and provides a cathods of suitable size for the

wet-cell test

4=2
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The 0,50-gram sample of carbon black is placed in a glass-stoppered
500-ml bottle with 250 ml of 2N Mg(01O4)2 saturated with m-DNB

(1 g of m-DNB per ml of electrolyte), The mixture is agitated mildly
by rolling the bottle on & ball mill, Although most carbon-black
samples reached adsorption equilibrium in less than four hours, the
procedure was standardized at 16 hours,

The carbon black-electrolyte mixture was filtered through & peper disc
resting on a perforated Teflon plate, As a result, the carbon bleck
formed a firm cake, Caution was exercised in filtering to insure

the quantitative transfer of the carban black, To avoid excessive
pecking of the precipitate, vacuum was applied only at the end of the
filtration process, The moist, level, carbon-black cake was covered
vith a finely perforated graphite disc, The assembly, including the
Teflon plate, was transferred to a 400-ml beaker, The graphite disc
was covered with a filter paper disc provided with a central .25-inch-
diaceter hole, A gravhiite rod was placed in contact with the graphite
disc under an applied weight of 1200 grams, forming a low-resistance

contact,

Zn Le-shaped, ,0l6-inch-thick AZ-31B megnesium sheet, enclosed in a
foldad single layer of Nibroc Kraft separator peper, was bent into an

" upright annular enode, The lower portion of the graphite rod was

sheathed with a glass tube and encircled by the anode. This anode
structure permitted the free exit of hydrogen during cell discharge.

b=4
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After the cell was assembled, 150 ml of 2N l(g(cm4)2 was added, The
cell voltage was recorded on a Leeds and Northrup Speedomax or a Varian
Strip Chart Recorder., The electrolyte in the wet cell was agitated
during injtial testing by use of & magnetiec stirrer, Subsequent testing

indicated that this action was not necessary as it had no effect cn

" the cell capacity.

A check test for effects of air depolarizatiom was made an CBN P-1100-
CL 20212 and CBN HR 1670-3386 cells by use of Mg(Cl0,), purged with
nitrogen, The results, given in Table 4-1, show that cell capacity

was not affected,
4.,1.,1,2 Analytical Procedure

The amount of m-DNB adsorbed by the carbon bleck was determined by
spectrophotometric analysis of residual m-DNB in the filtrate. The
method is described in detail in Appendix 5.1.

4.1,1.3 Evaluation of Carbon Blacks

The ability of various carbon blacks to adsord m-DNB frcm a 2V ¥g(Cl0,)2
electrolyte saturated with m-DNB ranges from zero removal to almost
total removal, The lowest, degree of adsorpiion occurred with carbon
blacks supplied by Atlas (Darco), Cabot, and Shawinigan. In this -
property, these carbon blacks are similar to the CBN 10S67 series,
Higher adsorption values were recorded for the CBN P-1100 series. The
highest adsorption values were found with carbon blacks of the CBN HR
1670 series, Table 4-1 gives m-DNB adsorption and capacity data for

4=5
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various Columbian (CBN) end commercially available carbom blacks., A
correlation of adsorption with capacity data for A-type AZ-10 magnesium
cells is shown in Table 4-2. Manufacturers' data for several carbon
blacks are given in Appendix 5-2,

Figure 4-2 presents a comparison of data obtained from testing three
types of Columbian carbon blacks and several other carbon blacks com=-
mercially available fram other suppliers. The samples of carbon black
with adsorbed m-DNB were discharged at a constant current of 50
milliamperes, The curves show that m-DNB adsorbed on CBN P-1100-series
and HR 1670-series carbon blacks is utilized more efficiently than

it is with CBN 10567 carbon blacks, The Columbian (CBN) samples are
superior to the Darco, Cabot, and Shawinigan carbon dblacks in this re-
spect, The voltage decline was lowest for the CBN HR 1670-3386 sample,

The voltzze data presented in Figure 4-2 are lower than the true
polarization data because the values include an IR drop which is
charzcteristic of the electrolyte, apparatus, and test procedure,
Voltcze levels will be important when an evaluation is made of the
ectivation and polarization characteristics of ¢arbon blacks,

In the studies conducted, the time required to reach the sharp break
point on the voltage-time curve ylelds the coulambic capacity used in
camparisons of the adsorption and efficiency of m-DNB with various

carbon blecks,

The adsorption date show that CBN HR 1670-3386 carbon black has the
greatest affinity for m-DNB uncer these test conditioms, This carbon

4=8




DRY-CELL TEST

WET-CELL TEST 0
MG m-DNB ON 0.5 g MINUTES AT i AT
CARBON TYPE CARBON BLACK AT 50MA | 4 OHMS 16-2/3 OHVS
COLIZBIAN 1
P-1100-2142 174 300 4 29
P-1100-21/2 HT 3232 178 360 4 30
P-1100-8417-1 153 285 3.5 26,5
-2 167 390 4 28
-3 171 300 3 29.5
" 151 80 3.5 29
P-1100-CL 20212 170 360 5.0 33
10S67-Caontrol 0 30 1.75 23
-3387 117 205 2,75 2/,
-3398 23 33 3 23.5
=3399 133 280 2,25 24,
-3522 17 20 1.75 22,5
-3553 140 300 3 25,5
HR 1670-Control 211 400 3 27
-3379 195 370 1,75 23.5
-3380 83 120 0 1
=331 111 240 0 0
-3382 160 240 1 15
-3383 209 360 2,25 23.5
-3386 234 420 3 25.
-3523 232 370 1,75 24,0
CABQT
XC 72 F 52 100 3 22
DARCO
G-60 9 145 3 20
SHAWINICAN
504 Compressed 25 35 2 18

Table 4=-2., Comparison of Wet-Cell Capacity For m~Dinitrobenzene

Adsorbed By Various Carbons With A-Cell Data,

49
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black also was superior to the others tested for capacity with the
discharge current of 50 ma, Additional O,5-gram samples of CBN P-1100-
Ci. 20212 and CBN HR 1670-3386 carbon black were tested by exposing the
samples to 500 ml of m-DNB-saturated 2N Ng(ClO 4)2. The discharge

current was 50 ma., The results showed an inerease in m-DNB adsorption
for CBN HR 1670-3386 carbon black with no loss in efficiemncy. No
significant increase in adsorption was found with the CBN P-1100-CL 20212
carbon black, The data are summarized as follows for O,5-gram samples

of carbon black,

0.5 gm COLUMBIAN CARBON BLACKS
CAREQI E{POSED TC:

HR 1670-3386 P-1100-CL 20212
250 m1 Electrol-rie
amount of m~DiiB adsorbed ! 233 mg 167 mg l
scharze time at 50 ma 420 min 390 min
cathode efficiency 1 78% 1004 }
5C0 ml Electrolyte !
axount of n-Li{B adsorbed 335 mg 174 ng
discharge tixz et 50 ma 670 min 420 min
cathode efficiercy 387% 1002

The data shos general correlatian between the adsorbed quantity of
n-DNB and its 50-ma discharge capacity., The discrepancy between the
edsorted quantity of m~INB and the 50-ma discharge capacity may be due

10 aay of these reasons:

4=11




1., The active sites on the carbon black are capable of desorb-
ing the discharge products, and are thus available for
adsorbing additional m-DNB., This could permit a carbon
black having an initially poor adsbrption to give better
regults in a cell than a carbor tlack with a very high ini-

tial m-DNB adsorption value,

o
L]

An optimum ration of HyO/m-DNB is not maintained during the

life of the carbon black,

3. Structure breakdown of the carbon black by mass transport

takes place during discharge,

4,‘ Desorption of a quantity of m-DNB into the electrolyte

takes place during the wet-cell test.

The m-DiVB adsorption test also provides data on the dry bulk of the
carbon black, wetiability in the electrolyte, sedimentation, and be-
havior of the carbon black on filtration, As a general rule, the

dense or nodular carbon blacks adsorbed less m-DNB than did the ultra=-
fine,fluffy carbon blacks, Slow or partial wetting suggests a hetero-
geneous surface condition, In the dense carbon blacks, this character-
istic may inhibit dispersion and, possibly, the access of electrolyte,
The degree of flocculation and sedimentation of carban black dispersed in
excess electrolyte may illustrate the persistence, development, or
change of a heterogeneous surface condition, Considerable variation
was observed in the speed of filtration with differemt carbom blacks,
CBN HR 1670-3386 is particularly slow,

-
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4.1.1.,4 Effect of Reaction Products

The effect of reaction products was evaluated by the following two

general methods:

1, Effect of the major reaction products on adsorption of m-DNB

by carbon black,

2. Regeneration of carbon blacks, after discharge, by further
treatment with 24 M3(ClO.), electrolyte saturated with

m"'DNB .

The first method provides informavion concerning the preferred species
adsorbed on carbon black, Studies were conducted on the adsorption of
m-DNB from 2N Mg(ClO4)2 by carbon blacks in the presence of reaction

products, Two samples of Columbian Carbon blacks, CBN P-1100-CL 20212
and HR 1670-3386, were examined, In one study, m-phenylenediamine was
present; in the other, both m-phenylenedizmine and n-nitroaniline were

present, ~

Resulis showed that the capacity obtained from the testing of these
carbon blacks in the wet cell was influenced by a reduced adsorptiom of
n~DNB, Higher cell capacity was obtained from testing of HR 1670-3386

carbon black, Capaclity data are presented in Figures 4-3 and 4-4.,

The adsorption of m-DNB by 0,5 g of Columbian carbon black in the
presence of reaction products is shown below, The quantities listed
in colums 2 and 3 were adsorbed upan exposure of the carbon blacks to
250 ml of 24 133(C10;), containing the compounds listed in colum 1,
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REFER TO n-DNB (grams)
CURVE OF ADSORBED BY 0,5 GRAM OF:
FIGURES
4.3 en 250 ML OF 2¥ Mg(C10,)2 |
4o4 CONTAINING HR 1670-P338% P1100-CL 20212
A 0.25 gm n-D\B 0.235 0,170
B 0.25 gn m-DiB and 0,325 gn
m-phenylenediamine 0.197 0.124
C 0.25 gm m~-DNB, 0.325 gm

m-phenylenediamine, and )
0.041 gn m-nitroaniline 0.179 3 0.112

The sceend rmetnod is directed toward determining the ability of the
carbon black to desorb the reaction products formed during discharge.
Tue effect of additional adsorption of m-DNB was studied by discharging
the initially adsorbed m-DNB and exposing the carbon sample to a
second 250-ml portion of electrolyte saturated with m-DNB by simple
percolation through the packed test cell, Test results showed a de-
finite decline of capacity on the secand discharge with the same carben
black sample, For the third exposure tlfxe sample of carbon black was
fully redispersed in 250 ml of electrolyte saturated with m-INB , and
formed into a wet cell, Performance decreased again, The dafa are
presented in Figures 4-5 and 4-6, The data obtained from the two
methods show that the active sites on the carbon blacks are blocked by
reaction products, It can not be determined at this point if there is a
desorption of reaction products followed by adsorption of more m-DNB,
or if new active sites become available,
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The present data suggest partial desorpiion of scme sites. An attempt
will be made to determine the number of times sctive sites become
available 1or reaction by adding the total ampere-minutes for a given

carbon bleck sample, This shculd provide a reasanable approximation

of the actual cell,
4.1.1.5 Effect of Other Cathode-Mix Components

Comparison of the adsorption and wet-cell test data shows that CBN

HR 1670-3386 carbon black adsorbs more m-DNB and has greater capacity
than CBN P-1100-CL 20212, These advantages, however, do not hold for
A-cell tests, where the CBN P-1100-CL 20212 is superior. An examina-
tion of both carbon blacks was made by studying the effect of A-cell
cathode-mix components on the wet-cell capacity. The transition from
the wet cell to the camposition of the A-cell mix was tested in this

sequence:
CQMPOSITION
(grams)

MATERTALS I 11 III v
carbon black 0.5 | 0.5 0.5 0.5
n=-DNB 1 . 1 . 10 1 .
BaCx0,, none .9 .09 none
Mg ( OH)2 { nomne none .03 .03

These components were milled gently for one hour, transferred in a level
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layer into the wet-cell assembly previously described, saturated in
2N }.!g'(ClO4)2 , and discharged at 50 ma, The discharge times were
found to be as follows:

COMPOSITION
(hours)
. CARBON TYPE I I | 1II bn'
CBN HR 1670-3386 | 11 8 12 21
CBN P-1100-CL 20212 { 9 1 16 . 21

Examination of the discharged wet cells showed extreme hardening of

the CBN HR 1670-3386 cathode with BaCr0,, The advantage of compositicn
IV, which contained no BaCrO4 , did not materialize in A-cells, The
anomaly deserves further study. It suggests either a structure break-
dom of the carbon black during discharge in A-cells (the observed
hard setting would affect the diffusion process required for optimm
cell performance), or some unknown cathode phenomenon not related to
the anode inhibitor characteristic of BaCxO,,

4.1.1,6 Discussion of Test Results

\

A comparison of wet-cell capacities from adsorbed m-DNB, along with
information on A-cell performance, is presemted in Table 4-2, Variations
noted in the performance of different carbon blacks make general con-
clusions difficult, The CBN 10S67-cantrol sample and several

CBN HR 1670 samples, although very fluffy, absord less water than needed
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for the 2:1 m-DNB:carbon black cathode mix, For example, the CEN -

HR 1670-control sample shows 27 hours for the 16-2/3-ohms test, which
representg camplete utilization of the water content., Simultaneous
high valugs in water absorption and m-DNB adsorption are not un-
failing criteria for superior A-cell capacity, as shown for CBN HR 1670-
3386 and -3523 carbon blacks, It is reascmable, though, to expect poor
A=cell performance from a combined low rating in both properties,

Carbon blacks of apparently "ideal" sorption properties often give
relatively poorer 4-chm A-cell test results than would be expected
frem the 16-2/3-chm results, These results may be related to the
epparent discrep_a.ncies noted above, Failure at the higher current
density may be due to poor diffusion resulting from immobility of the
electrolyte., The hard-setting mix cake,obtained in tl}e CBN HR 1670-
3386 carbon black with BaCrO 4 is not conducive to a rapid exchange
between reaction products and m-DNB necessary to sustain a high-

current discharge,

Variations in data obtained from the 4-chm A-cell tests with carbom
Blac_lcs of the CBN 10S67 and HR 1670 types emphasize that the adsorption
of m-DNB on carbon blesk is mot the rate-comtrolling property. The data
reveal that m-DiiB can be discharged efficiently in a tightly packed
A~cell with a carbon black which does not adsorb m-DNB from its electro-
lyte solution, Another factor which must be considered in the deviations
between the wet-cell test and the dry-cell results is a structure break-
down within the cathode, During the discharge of a dry cell, two physi-
cal changes occur to alter the physical structurs of the cathode, These

changes are:



442

l, Movement of the free water from the catbode mix
through the separator to the anode,

2, Transport of m-DNB to carbon black, This actiocn is

probably preceded by a dissolution process.

In a typical m-LiiB (2-to-l ratio) cathode, water comprises approximately
60 per cent of the total cathode volume. During the discharge of an
A-cell with a 16-2/3-0hm load for 27 hours, approximately 50 per cent

of the water must be transferred out of the cathode mix through the
separator to the Mg anode, Magnesium consumes water. in the formation

of its hydroxide and hydrogen, This means that the carbon black cathode
strueture must withstand a volume change of 30 per cent during discharge.

The solid m-LiiB must dissolve before it can reach the carbon biack,
This process will. also remove substance from the original cathode mix
structure and, thus, inevitably alter it,

DEVELOPMENT STUDIES

4.2,1 A-Size AZ-2) Magpesium p-Dinitrobenzene Cells

Tests with two different Columbian carbon blasks showed little loss in cell
capacity after three months storage at 113°F and 95 per cent R.H, Celis
made with CBN P-1100-PR2142 HT 3232 average 29-1/2 hours at 16-2/3 ohms, or

3 per cent less than initial-capacity results., Cells made with CBN HR 1670~
P3317 averaged 26-1/2 hours at 16-2/3 chms with no loss in capacity from
initial results, Previous tests with CBN P-1100-CL 20212 showed a 15 per cent
loss in capacity after mix storage of three months,
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Other cell studies were limited to evaluation of the various experimental
carbon blacks in AZ-1D A-cells. The data are summarized in Table 4-2.

"4,2.,2 Shelf Studiec

A-size AZ-10 Mg celis made with Columbian carbon black P-1100-CL 20212 were
stored under two different conditions for various periods, and then discharged
continuously through 16-2/3 chms to an end voltage of 0.9 volt, Corresponding
lots of cathode mix were tightly sealed in glass jars for various storage
periods and utilized in A-cells just before capacity tests. The following

capacity data are average of 10 cells used in each test.

After cell storage at 70°F and 50 per cent R.H, for 12 and 18 months, the
capacities dropped to 25 and 22.5 hours, yielding a capacity retention of
76 per cent and 63 per cent,respectively, of fresh cells, Cells freshly
prepared from cathode mix stored 18 months gave 29.5 hours, which is a
capacity retention of 89 per cent, After cell storage at 113°F and 95 per
cent R, H. for 12 and 13 months, the capacities were 21,5 and 12,5 hours,
respectively, indicating a capacity retention of 70.3 per cent and 41 per
cent. Cells freshly prepared from cathode mix stored 3 and 18 months at
113°F in a sealed jar gave 25.5 and 25 hours at a cepacity retention of

about 83 per cent,

The large capacity loss fram cells stored ai 113°F is believed to result
from seal failure and consequent escape of water, This same defect is
responsible for the major portion of lost capacity in the cells stored at
70°F because freshly made cells with comparably stored cathode mix retained
so much more of the original capacity, Examination of the magnesium cans
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of discharged cells stored at 70°F showed practically no corrosion, as
evidenced by retention of the bright pickle surface, The magnesium anodes
of cells stored at 113°F had dark brownish films and slightly more corrosion
than the cells stored at 70°F.n The £ilm resulted from slight reduction of
soluble m-dinitrobenzene on the megnesium surfece, The quantity of water
required for magresium corrosion and slight m-DNB reduction observed in
th_ese cells is not sufficient to account for the large loss of capacity
after the 18 months of storasge, Capacity of these cells on storage tests is
limited, therefore, by water loss through the seal, The importance of

magnesium-cell sealing must be exﬁphasized in future storege programs,
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5, APPEND
THE SPICLLCrIOTC.ETRIC DITERMINATION OF m=-DNB IN
21 LACNESIUL PERCHLORATE SOLUTIONS,
5.1.1 Scone
Thes precedure covers the range of 0.5 to 15 mg m-DNB/liter of 2N Mg(ClO4)2.

5.1.,2 Theory

The ultra-violet absorption of m-LCNB at 264 mp is used as a quantitative
rzasure of concentration in 2N Mg(ClO4)2 in the range 0.5 to 15 rg m-DNB/iitier.
Dilution with 2N Mg(ClO 4)2 is used for concentrations greater than

15 mg n-DiiB/liter.

5,1.3 Aoparatus

4 Beclman DU Spectirophotometer vwith hydrogen lamp source was used,

5.1.4 Beagents

The 2N ¥g(Cl0,), solution contains 331.3 grams of Mg(C10,)2 . €HR0 per liter;

ey residue is filtered off,
5.1.5 Progedurs

8. Avoid contact of ithe sample solution with the bottle cap, Swirl |

5=1



1.3 swolie, and allcw about one minute for any carbon black

particles to settle,

Warm the Beckman DU Spectrophotameter and the hydrogen lamp,

Fix the sensitivity at its center of travel (5 turns from either

end); fix the wavelength at 264 mu.

Vatch two l-cm quartz cells containing 2N Mg(ClO4)2 solution to

wvithin 0,5% trancmittance,

at the fixed sensitivity setting.

Triple-rinse a 2-ml pipet with the sﬁpernatant soluticn, and

The sldit will read gbout .29 to .30 m

pipet 2 ml into a dry, 100-ml volumstric flask rinsed with a few

ml of 2¥ Mg(Cl0;)p. Make up to volume with 2N Mg(0104)2, and mix

wall,

Triple-rinse the sample cell with the volumetric solutiom,

and record the absorbance (43).

Head

Use the table bealow to determine the {inal dilution of the sample.

FZI.L DILUTION BY VOLUME
(Sazmple: 22 Mg(ClO4)2)

400 to

.200 to
.130 to
.028 to
013 to

below

1:100

use Al value obtained
in step 5.

3:100

5:100
10:100
25:50

use original sample as is
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g.

When necessary, repeat steps 4 and 5 at the final diluticn.

5.1,6 Calculations

rg m-~DNB/liter 2N Mg(C10,), = 4) x 14,7 dilution factor

where:

Ay = absorbance at the final dilution
14,7 = slcpe of calibration curve

5,1,7 Preparation of Calibration Curve

a.

Prepare solutions containing 1, 4, 8, and 15 mg of n-DNB per liter
Of 2N }nglo4 .

ll2asure the absorbence of the solutions as described under proce-

dure,

Plot tae absorbance values on the y-axis of linear graph perer;

plot mg m-DiB/liter 2N Mg(C10 )2 oo the x-axis,
Draw a stiraight line through the points plotted,

Caleulate the slcpe of the curve,
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5.2.,1 Columbian Carbon Co,, Princeton, New Jersey

SU.S/ARY OF TEST DATA FOR CARBON BLACKS

TYPE OF SORPTOMETER AREA BY Ip LINSEED OIL
CAREON No_ AREA SORPTION ABSORPTION
BLACK /g n?/gm gal/100 1b
CBN HR_1670-
~Control 1520 940 31
-3386 1680 1150 45
-3303 1600 850 26
i -3379 - 800 26
-3380 1220 725 21
-3381 1430 475 16
GBY 10567~
~Control - 54 46
-3398 - , - -
-3387 607 § 390 46
-3399 639 ’ 532 -
CBY P-1100- 670 § 659 34
-3385 670 ’ 565 31 ;
CEY P-1100-6417 ASH DATA
S.APLE MO % ASH
-1 0,16
-2 0.041
-3 0.053
- 0.52
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5.,2.2 Atlas Powder Co,, Wiilmington, Delaware

and washed with strong mineral acid and water

Chloride (as NaCl)

Iron (es Fe203)

less than 0,05%

less than 0,05%

pH 5.0 to 7.0
Moisture 10%
Vater-Solubles 0.3% max.
Acid-Solubles 0.9% max,

Ash 4.0% max,
Bulk Dencity 22 to 28 1b/ft3

(d = 0.4, i.e. 13
tiras that ol CEN
P-1100~- CL 20212)

L%23h Size:

!
- |
throuzh 100 mssh serecen | 95%
through 325 mesh screan 65=-80%
Filiterability Excellent
Wettability Excellent

5623 G. I, Cehnat. Tn2 . Brzton, Massachuzetts

Monarch 74

s puomn

Bulk Density
Surface Area

12,5 1b/ft> (d=0.2) |

300 mz/gram
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Vulezn XC-72R (formerly Battery Black XB-72F)

i
|

Electrolyte Sorption

Ash Content |
Area:

Ny Adsorption

Electron Licroseope

Apparent Density
{d=0,06 to 0.1)

! 3.2 ml/granm
0.1%

182 mz/gram
84 m2/gram
4 to 6,25 b/£t

5.2.4 Shorinieen Chemicals. Ltd,, Shawinigan Falls, Quebee

Eleciron Licroscope

Apparent Density
(d=0,1)

pH

molsture

LS8

volgtile

N

-, ash

~c
<

64,5 mz/gram
70 mz/gram

P M r R o= = -

6.25 1b/ct3

7-8
0.04%
0.063%
0.04%

n m e e e e ——r— A B e | o
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6. CONCLUSIONS

A method was developed to determire the ability of carbon blacks to absordb

m-dinitrobenzene from aqueous salt solutions,

Studies of the adsorption properties of various Columbian and commercially
available carbon blacks of other manufacturers showed wide variation in adsorp-

tion properties,

A correlation has been shown between a coulombic test and the amount of m-dini-

trobenzene adsorbed by the carbon black,

Capacity data of A-size Mg/Mg(C10 4)2/m-dinitrobenzene cells did not correlate
directly with the carbon black adsorption property. It is believed that the lack
of complete correlation is due to changes in the cathode-mix struecture which

result from compression, material transfer, and phase inversion. The continuous

liquid electrolyte phase of fresh cathode mix is reduced to a tenuous capillary

film at some stage of discharge in the tightly packed A-cell,

Capacity Tests of A-size AZ-10 magnesium cells made with Columbian P-1100-CL 20212
carbon black and discharged after 18 to 19 months storage showed a capacity re-
tention of 68% at 70°C and 41% at 113°F. The loes in capacity in the A-cell
storage results mainly from wa‘l_'.er loss through the cell seal,

6-1
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' Ccoonity tests of A-sice AZ-21 roonccium cells made with Columbian P-1100-
P2142 KT 3232 cnd It 1870-P3317 cartca blacks and discharged after three months

storage showed no sijailicant loss in capecity.

— WA — HABED  %EmEmm e
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7. QGRA{ FOR THE ARTER -
1. Ccmplete adsorption studies for various carbon blacks,

Convinue wet—cell-capacity tests for various carbon blacks,

cad correlate data with A-cell test results,

3. DSezicrmine the effect of physical changes in the nitro-organic- f

carbon black cathode on cell performance,

4., Initiate developmental siudies with the better Columbian carbon

blacks,




¢, KEY PERSOWNEL

8.1 IDENTIFICATIC.

Biographies of most of the key persomnel were presented in the previous report,

Those given below pertain to persons who have recently joined the program,

MARY LOUISE KUETTEL, Chemical Techniclan, received a B, A. degree in Chemistry
from the University of Delaware, Newark, Delasware, in 1960, Before joining
RCA, Miss Kuettel was employed as a laboratory technician by Jersey Testing

Laboratories, Inc,, Newark, New Jersey,

From September, 1960, until May, 1961, Miss Kuettel was a part-time geology-
laboratory employee of the University of Delaware, where she was engaged in graduate

study in geology.

Miss Kuettel 1s a member of the Americen Chemical Society., She has been with

Electrochemical Group since October, 1961,

DONALD G, TREVETHAN, Chemist, was graduated from the University of Pemnsylvania
in 1960 with a B, A, Degree in Chemistry. He has taken postgraduate work in
chemdstry at Temple University, Philadelphia,

Mr, Trevothan wac exployed fram 1950 until 1952 as a biochemistry laboratory

technicien at the Universiiy of Pennsylvania, where he worked on the preparation

of enzymes., From 1952 to 1954, he worked with the Franklin Institue, and per-




formed experiments to deterxine thie igniticn limits of various mixtures of carbon

disulfide and oxygen.

Troem 1954 until 1958, Mr, Trevethan served as a nuclear technician «ith the

U. S, Air Force, and specialized in the arming and fusing systems of special
vrezpans, During the following three years, he was employed by the Philco
Corperavion in Philadelphia where he was engaged in research, fabricatidn, and

“eouing of solar cells, fuel cells, and specialized electrochemical systems,

., Trevethan joined the Electrochemical Group in September, 1961,
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